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L1 hot-meat processing attracts increasingly the attention of both meat scientists and
] ologiests because of the energy shortages and the excellent functiondl properties of
'igﬂr meat. Some difficulties arize, however, in the implementation of this technology on
- factory scale, since a strict synchronization of slaughtering, boning, grinding,salt-
and cooking is Indispensable. One possible way to obviate this disadvantage is to post-
the processing till the following day, or even further, by presalting comminuted hot-
muscles ( Hamm,1981).
jgh water binding capacity of prerigor beef can be retained for several days if grinding
| galting are completed before the onset of rigor mortis, and the resultant mixture is kept
o refrigeration ( Hamm and Grabowska,1979). The same result can be obtained by a rapid
ing or freeze-drying of the ground und salted prerigor beef( Pischer et al.,1980, Hamm,
).The application of such a technology with pork would be of limited importance due to
sler glycolysis and earlier onset of rigor in poreine muscles, but this is still highly
able.
at emulsifying capacity of muscle proteins is another important factor in meat processing.
g been shown that the salt-soluble proteins are the major emulsifying components and are
1y influenced by the time postmortem (Irautman, 1964). Prerigor normal pH muscles contain
p more extractable salt-soluble proteins than the prerigor ones. The addition of up to 3j
godium chloride to meat 24 hr before protein extraction increases extractable salt-soluble
otein content in prerigor normal pH porcine muscles ( Johnson and Henrickson, 1980).
tudy was initiated to establish whether the positive effect of presalting on the water-
pinding capacity of prerigor beef is accompanied by any changes in the other important functi-
mal properties of meat. Similar experiments with hot-boned porcine muscles were also inclu-
| herein. '

ERIMENTAL

ne and porcine semimembranosus muscles were excised from the hind qurters within one hr
ter slaughter. One third of the muscles was ground immediately, and then subjected to the
unctional property tests. The second third was ground at the same_time, but salted with
um chloride ( final concentration, 2.4% ), and then kept at +4 C for 24 hr before being
ited. The remaining third of the muscles was chilled intact for 24 hr,then ground and tested

the completion of the respective treatments, the ground meat samples were blended in a
‘ied Hasselbach-Schneider solution, containing 0.6M NaCl instead of KCl. Pyrophosphate
mitted with the warm meat, as well as with the presalted ground meat. The salt added to
atter was taken into account, so less sodium chloride was included in the respective
eting medium. After blending, the resultant slluries were allowed to stay for 30 min at

€, and then centrifuged to remove the excess fat and undissolved residue. Total extracta-
rotein content was measured by the dye-binding method elaborated by Dilova et al.(1981).
emulsifying capacity test and the least concentration gel test were performed as described

Bwhere in these Proceedings ( Grozdanov et al.,1982),

Water binding capacity was determined by heat treating homogenates of meat, water and salt

h different water/meat ratios, as described by Gumpen and Martens(1977). Water solutions

80dim chloride were added to the ground meat samples in such a way that that the salt con-

#was approximately constant but water varied from 0.5 to 2.5 ml of added water per g of

0 Meat, Thus prepared homogenates were subjected to heat treatment until an internal tempe-
e of 78°C was reached, then cooled, and the released juice measured to the nearest 0.1

Ured colour formation rate was determined as follows: One ml of a solution containing
Mg of sodium nitrate was added to 10 g of ground meat sample in a Thunberg tube. Triplica-
_s"Plea were prepared in all cases, The content of the tubes was thoroughly mixed by a
G:de' and the air was evacuated for 20 sec. After deairation, tubes were incubated at 0
L.20T 15 min, Then the tubes were transfered to an ice-water bath, and coooled down to 0°C

18 dark. The nitrosylmyoglobin formed was determined by the modified method of Hornsey’s
ito ; The content of Thunberg tubes was transferred to a dark bottle by meang of 40 ml of
n £i7 two portions of 20 ml each ). Aftermixing, samples were stored at -5 C for 30 min,

3 tered, fTen ml of the filtrate were added to 0.1 ml of conc. HCl,and the absorbtion of
i Ution was read off at 530 nm.

5

_ngr binding capacity (WBC) of beef depended on both rigor state and the treatment. These
ot wigreaented‘in-Figure 1. The WBC of beef was the highest with the hot meat, and the
8 af h the chilled meat. The ground and salted prerigor muscles showed intermediate WBC
op oL ver chilling for 24 hr.
ork ( nguizr%gu? treatments did not influence significantly the water binding capacity
:326801ution3 of the total extractable proteins were heated, cooled down, and the gels
Ty As shown in Table 1, the protein concentrations where g stable homogeneously gelled
“as formed differed for the various treatments of beef. Chilled beef was slightly




superior to the holi-boned one. ihe least steble gels were produced by ihe extract

) \ i a R o 3 F
and salted beef. Wilh pork, none aof the treatments influenced significantly pel rom

formagig
\ .
20} A. Beef A 20 B. Pork

Viater released (ml/g)

A

5 0 s 20 05 10 1 0 =
- . Waté& added (ml/g meat) ' ' Wd%er aéded (ﬁi/g mea'i
Fig.1. Effect of various treatments on the water binding capacity ; o

(A) - "hot" meat ; (©) - ground & chilled meat ; gx) - chilled meat

The results determining the fat emulsifying capmcity of the total protein extracts are ah
in Table 2. The proteins extracted from the "hot" beef emulsified the largest quantity g
before their emulsion broke. Both chilled intact or ground and salted beef samples werg .
rior to the hot meat with respect to their emulsifying capacity. No differences were op

between the various treated pork samples. ' ;

Table 1. Effect of various treatments on gel stability lable 2, Effect of various treatmey
on emulsifying cupneity

Protein Beef Pork Treatment ml oil per mg protein

concentra- "Hot" Ground Chilled "Hot" Ground Chillled Beef Pork ke
tion,mg/ml & salted & salted

10 "Hot" 1,30 1.45
Ground & £
salted 1.35 1.42

Chilled 1.51 1.47

The rates of nitrosylmyoglobin formation as influenced by the various treatments of bovine
and porcine muscles are shown in Table 3. Table 3. Effect of various trestments on curad
Colour-forming ability of both beef and colour formation rate

pork strongly depended on their respective i
pH values. Lower pl-values resulted in a Type of A Ef}O et 10 min”
more rapid pigment transformation into meat 2 )

their nytrisyl derivatives. With pork,
e dependance was alwo demonstrated on
whether it wag chilled intact or after
being ground and salted. Beef 97 14

DISCUSSION pEESCR G bH
As our results indiceted, the "presalting"  Pork 18,4
effect on the water binding capacity, as 1. pH = 6.1 =
is the case with beef, could not be obtainrzd -

when porcine muscles were grounc and sa’luad ' . X
at 1.5 hr postmortem. Moreover, the cockiig ses of the 90 called "hot" pork were similal
to the ones of chilled pork without any polyplivsphates added. Whether the addition of pyr
or polyphosphates to 8till warm ground pork would improve the WBC was not determined. Wit@
pre~ and post-chill cured hams and loins, veu Hoof(1974) observed that weight losses during:
curing with polyphosphates were significantly in favour of the post chilled processed POrks
An earlier ( less than 1.5 hr ) boning and processing of pork is hardly possible since the
obligatory meat inspection takes at least 1 hr , therefore the salting of prerigor groun
pork appears to be of no practical importance. = .
As far as beef is concerned, we did confirm that salting of ground bovine muscles in"the f‘
rigor state can secure aguinst the loss of WBC which occurs concurrently with the pH T 3
and rigor development. Irrespective of the other advantages, this is the only way to be‘fg_'
lowed if polyphosphates have to be omitted in the curing mixtures conventionally used wit
chilled meat. a0 e
Grinding and salting of prerigor beef, however, did not provide for better extractabllltytu
galt-soluble muscle proteins. On the contrary, less quantities of proteins are dissolve
high ionic strength solutions despite of improved swelling and water retention. These da
conform to the results reportsd by Hamm and Grabowska(1979), who have suggested an explan
of the observed phenomenon. of
Being poorer in the salt-soluble myofibrillar proteins, these extracts are less capabl® o
emulsifying fat and forming atable gels. Despite of the lack of a direct evidence that.f i
is the case, this might be the most probable explanation ofihe cbserved inferior emul8lid

T

Vi

"Hot" Ground & salted Chilled

0 ) 130

5.6 pH = 5.6
19.5 26.7
5.4 pH = 5.3
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University of Helsinki, Institute of Meat Technology
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INTRODUCTION

The use of hot boned beef has been more thoroughly studied than that of hot boned pork. The
loss of ATP takes place faster in pork than in beef, but otherwise the %®® reactions are
similar (Hamm 19581, Hetorov 1982). Moore et al. (1%966), van Hoof (1974), Hestorov (1962)

and Stillwell (1978) did not find any marked differences between products made of hot processed

pork and those made of cold processed pork. HMandigo et al. (1977) however, found a better
product yield in hot processed pork products.

Puolanne and Terrell (1983) found that the water-binding capacity can be significantly enhanced
by presalting pork with 2-4 % NaCl and 15 % added water within 1 h of stunning. The high
water-binding capacity was retained in the meat even in cooked sausage, provided the salt
content of the sausage was kept over 1.5 % MaCl when other ingredients were added to the
mixture. MHestorov et al. (1982) concluded that the het processing of pork (within 1.5 h post
mortem) is hardly possible in the industry because of the time needed for slaughtering and

meat inspection (including the trichina test).

The purpose of this study was to compare the water-binding capacity (WBC) of hot salted

(less than 45 minutes post mortem) pork to that of cold salted (22 h post mortem) pork using
the laboratory sausage method. Special attention was given to whether the disadvantages of
fast glycolysing muscles (PSE) could be avoided by using hot boning and pre-rigor salting.

MATERIAL AND METHODS

|

Thirtysix pi&gcgrcasse§%f§0—72 kg) were obtained from a slaughterhouse. Six pigs at the time
were taken for tests on each day of sampling. The plgs were slaughtered by the usual
procedure, with the time from stunning to weighing averaging 25 minutes. Immediately after
weighing the left hind leg was cut off and the 1. gluteus medius (GM) was excised. The







da'y 'te 'c'r' mu_01 o‘-- ; . 2l
rigor salting). NG Way

The pH values werc measured directly using a Knick Port%iiis 55/pH meter (Knick Elektronische
Messgerdte, FRG) with a meat electrode (Ingold type 10-504-3041, W. Ingold AG, Switzerland).
The pH values of the left-hand GHM muscles were measured immediately after homogenization
(before adding salt), after adding salt and finally 22 h post mortem (salted homogenate).

The pH values of the right-hand GM muscles were measured 45 min post mortem (pH,), 22 h

post mortem, after salting and after 22 h of salting. If the le value was = 5.8 the pig

was considered to be a PSE pig.

The WBC was measured using the laboratory sausage method of Puolanne and Ruusunen (1978).
Fach test was run in duplicate. The sausage mass contained 51.5 g of GHM-salt mixture (50 g meat) ,

50 g pork back fat, 130 g water and 3.1 g MaCl. The salt content of the sausage mass was

2 %. Eighteen samples were processed without added phosphate and 18 samples with added
phosphate L“m;afusj, 0.15 % calculated as PZO ). The sausage mass was chopped in a Moulinex
homogenizer, stuffed into a casing and cookéd”for 40 min at 75 ~C to an internal temperature
of 72 °C. After cooking the sausage was peeled and the excess water released was removed.

WBC was determined as the difference between the weight of the stuffed sausages (weight of
casing excluded) and the weight of the cooked and peeled sausages after removing released

water and jelly. Mo fat was released. These weight differences were subtracted from the

130 grams of water added to the original recipe and represent the weight of water retained
by the sausage after cooking and chilling. The results were expressed as g water/100 g

meat.

RESULTS o] O/S‘CC’SS/'O E4]

The WBC of hot salted sausages without added phosphate was X = 92.8 = 4,9 g water/100 g meat.
The pH value of the meat at the time of presalting was X = 6.6 * 0.3. The WBC of cold salted
sausages was x = 3.7 t 17.0 g water/100 g meat and the pH value of the meat x = 5.6 0.2,

The WBC of hot salted sausages with added phosphate was x = 107.7 * 3.9 ¢ water/100 g meat
and the pH value x = 6.5 + 0.3. in cold salted sausages the corresponding values were

X = 104.5 £ 7.0 g water/100 g meat and pH x = 5.7 - 0.3.
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DISCUSSION

The effect of hot salting is nct marked when phosphate is added, but without added
phosphate a significant increase in WBC can be achieved. In the latter case the pH

value seems to be very important (Figure 1). When the pH value was=25.85, the deécrease
., in WBC compared to hot salted samples was x = 2.5 - 3.1 g water/100 g meat (N = &), which
was very much smaller than when the pH,, value was =5.6 (x = 46.9 + 4.8 g water/100 «
meat; M = 1l4). The number of samples wIth pH >, =5.585 was too small to permit any difinite

conclusions, but this finding suggests that more research is needed in this area.

Only three PSE GM muscles were found in this study (pH, = 5.8), and there was no consistent
indication that the formation of PSE could be preventeé by very rapid pre-rigor salting.

Other studies conducted in our laboratory revealed that very rapid salting, within 1 h, is

needed in most cases for a marked effect of pre-rigor salting. The beneficigl effect of
hot processing can be achieved only when the meat is salted before onset of ‘rigor mortis. The

temperature of the meat at time of salting is not important.

According to lestorov et al. (1982) the time needed for slaughtering, including meat
inspection, is at least 1.5 h, which probably prevents the effective use of pre-rigor salted
pork. MNevertheless, more research is needed into the biochemistry of different muscles
and into the technological prospects of using pre-rigor salting.
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INTRODUCTION

The use of hot boned beef has been more thoroughly studied than that of hot boned pork. The
loss of ATP takes place fastey in pork than in beef, but otherwise the two reactjons are
similar (Hamm 1981, N oroVvi¥582), HMoore et al. (1966), van Heof (1974), Hestor%@ (1982)

and Stilﬂﬁbll (1978) did not find any marked differences between products made of hot processed
pork and these made of cold processed pork. Mandigo et al. (1977) however, found a better

product yield in hot processed pork products.

Puolanne and Terrell (1983) found that the water-binding capacity can be significantly enhanced
by presalting pork with 2-4 % NaCl and 15 % added water within 1 h of stunning. The high
water-binding capacity was retained in the meat even in cooked sausage, provided the salt
content of the sausage was kept over 1.5 % NaCl when other ingredients were added to the
mixture. Nestorov et al. (1982) concluded that the hot processing of pork (within 1.5 h post
mortem) is hardly possible in the industry because of the time needed for slaughtering and

meat inspection (including the trichina test).

The purpose of this study was to compare the water-binding capacity (WBC) of hot salted

(less than 45 minutes post mortem) pork to that of cold salted (22 h post mortem) pork using
the laboratory sausage method. Special attention was given to whether the disadvantages of
fast glycolysing muscles (PSE) could be avoided by using hot boning and pre-rigor salting.

MATERIAL AND METHODS

Thirtysix pig carcasses (70-72 kg) were obtained from a slaughterhouse. Six pigs at the time
were taken for tests on each day of sampling. The pigs were slaughtered by the usual
procedure, with the time from stunning to weighing averaging 25 minutes. Immediately after
weighing the left hind leqg was cut off and the M. gluteus medius (GM) was excised. The







rigor salting).

The pH values were measured directly using a Knick Portaness 55/pH meter (Knick Elektronische
Messgerate, FRG) with a meat electrode (Ingold type 10-404-3041, W. Ingold AG, Switzerland).
The pH values of the left-hand GM muscles were measured immediately after homogenization
(before adding salt), after adding salt and finally 22 h post mortem {(salted homogenate).
The pH values of the right-hand GM muscles were measured 45 min post mortem (pH,), 22 h

post mortem, after salting and after 22 h of salting. If the le value was = 5.8 the pig

was considered to be a PSE pig.

The WBC was measured using the laboratory sausage method of Puolanne and Ruusunen (1978).
Fach test was run in duplicate. The sausage mass contained 51.5 g of GM-salt mixture (50 g meat),

50 g pork back fat, 130 g water and 3.1 g NaCl. The salt content of the sausage mass was

2 %. Eighteen samples were processed without added phosphate and 18 samples with added
phosphate (Cﬂ%afoss, 0.15 % calculated as P,0_). The sausage mass was chopped in a Moulinex
homogegizer, stuffed into a casing and cooked”for 40 min at 75 “C to an internal temperature
of 72 "C. After cooking the sausage was peeled and the excess water released was removed.

WBC was determined as the difference between the weight of the stuffed sausages (weight of
casing excluded) and the weight of the cooked and peeled sausages after removing released

water and jelly. No fat was released. These weight differences were subtracted from the

130 grams of water added to the original recipe and represent the weight of water retained
by the sausage after cooking and chilling. The results were expressed as g water/100 g

meat.

RESULTS

The WBC of hot salted sausages without added phosphate was x
The pH value of the meat at the time of presalting was X = 6. 0.3. The WBC of cold salted
0

sausages was x = 53.7 ¥ 17.0 g water/100 g meat and the pH valu f the meat x = 5.6 % 0.2,

The WBC of hot salted sausages with added phosphate was x = 107.7 * 3,9 g water/100 g meat

and the pH value x = 6.5 ¥ 0.3. 1In cold salted sausages the corresponding values were

X = 104.5 ¥ 7.0 g water/100 g meat and pH x = 5.7 ¥ 0.3.

92.8 £ 4,9 g water/100 g meat.
t
e
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2.85; r = 0.615.
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DISCUSSION

The effect of hot salting is not marked when phosphate is added, but without added
phosphate a significant increase in WBC can be achieved. 1In the latter case the pH

value seems to be very important (Figure 1). When the pH value was = 5.85, the décCrease
in WBC compared to hot salted samples was X = 9.5 % 3.1 g“Wwater/100 g meat (N = &), which
was very much smaller than when the pH value was =5.8 (x = 46.9 + 4.8 g water/100 g

H = 14). The number of samples with pH22 =5.85 was too small to permit any d@finite

meat;
conclusions, but this finding suggests that mGre research is needed in this area.

Only three PSE GM muscles were found in this study (pH, = 5.8), and there was no consistent
indication that the formation of PSE could be preventeé by very rapid pre-rigor salting.

Other studies conducted in our laboratory revealed that very rapid salting, within 1 h, is
needed in most cases for a marked effect of pre-rigor salting. The beneficial effect of
hot processing can be achieved only when the meat is salted before onset of rigor mortis. The
temperature of the meat at time of salting is not important.

According to Nestorov et al. (1982) the time needed for slaughtering, including meat
inspection, is at least 1.5 h, which probably prevents the effective use of pre-rigor salted
pork. Nevertheless, more research is needed into the biochemistry of different muscles

and into the technological prospects of using pre-rigor salting.







roperties of total protein extracts derived from ground and salted prerigor beef.
pyro= and polyphosphates additions to chilled ground beef give rise to an

ity of the myofibrillar proteins, which results in a better emulsifying ca-
whether the increased extractability of salt-soluble meal proteins is a

er 3 A = 3
puave. s meat product gquality is still not quite clear { Hamm and Grabowska,1979).

actor for
" cgntrjbution Of‘each functional property to the overall quality of meal products
rther reﬁuarch efforta. )

S ar formation appears to be adversely affected by hot-ment processing, but this
'lﬂild be eusily overcome by the addition ot ascorboe acid or 1ts sodium salts.
cg;'naggd that there are slill unsolved problems with regard to hot-meath processing
: yle implementation into practice. The general opinion is, however, that

g large—sci a i . "
the probl ems existing would ¢iscourage the future use of this technology.
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